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Abstract: We propose the possibility of 5-hydroxytryptamine (5-HT)l A receptor involvement 
in mild serotonin toxicity. A 64-year-old woman who experienced hallucinations was treated 
with perospirone (8 mg/day). She also complained of depressed mood and was prescribed 
paroxetine (10 mg/day). She exhibited finger tremors, sweating, coarse shivering, hyperactive 
knee jerks, vomiting, diarrhea, tachycardia, and psychomotor agitation. After the discontinuation 
of paroxetine and perospirone, the symptoms disappeared. Another 81 -year-old woman, who 
experienced delusions, was treated with perospirone (8 mg/day). Depressive symptoms appeared 
and paroxetine (10 mg/day) was added. She exhibited tachycardia, finger tremors, anxiety, agita- 
tion, and hyperactive knee jerks. The symptoms disappeared after the cessation of paroxetine and 
perospirone. Recently, the effectiveness of coadministrating 5-HT1A agonistic psychotropics 
with selective serotonin reuptake inhibitors (SSRIs) has been reported, and SSRIs with 5-HT1 A 
agonistic activity have been newly approved in the treatment of depression. Perospirone is a 
serotonin-dopamine antagonist and agonistic on the 5-HT1A receptors. Animal studies have 
indicated that mild serotonin excess induces low body temperature through 5-HT1 A, whereas 
severe serotonin excess induces high body temperature through 5-HT2A activation. Therefore, 
it could be hypothesized that mild serotonin excess induces side effects through 5-HT1A, and 
severe serotonin excess induces lethal side effects with hyperthermia through 5-HT2A. Serotonin 
toxicity via a low dose of paroxetine that is coadministered with perospirone, which acts agonis- 
tically on the 5-HT1 A receptor and antagonistically on the 5-HT2A receptor, clearly indicated 
5-HT1 A receptor involvement in mild serotonin toxicity. Careful measures should be adopted 
to avoid serotonin toxicity following the combined use of SSRIs and 5-HT1A agonists. 
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Introduction 

Serotonin toxicity (or serotonin syndrome) is the result of excessive serotonin activity 
caused by the administration of selective serotonin reuptake inhibitors (SSRIs), often 
in combination with serotonin receptor agonists. 1 Serotonin toxicity is characterized 
by myoclonus, hyperreflexia, autonomic nervous symptoms, and changes in mental 
status. 1 Given that an altered mental status, which includes agitation and anxiety, is 
common in depression, patients treated with SSRIs should be carefully examined for 
the presence of hyperreflexia. Two serotonin receptor subtypes are candidates for the 
underlying pathophysiology of serotonin toxicity. 1 However, the different effects of 
the stimulation of the 5-hydroxytryptamine (5-HT)lA and 5-HT2A receptors on the 
clinical exacerbation of serotonin toxicity have not yet been elucidated. In the present 
report, we suggest the possible involvement of the 5-HT1A receptor in mild serotonin 
toxicity without hyperthermia. 
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Case report 

Case I 

A 64-year-old woman who experienced auditory hallucinations 
and insomnia, was treated with hypnotic benzodiazepines 
and perospirone (8 mg/day; Figure 1A). Perospirone had 
been administered for 4 months. She had developed chronic 
renal failure, which had continued for several years, with 
high serum levels of creatinine and blood urea nitrogen 
(Figure 1A). She also experienced depressed mood, dimin- 
ished interest, and anhedonia; therefore, she was treated with 
paroxetine ( 1 0 mg/day). Eighteen hours after paroxetine was 
added to her ongoing perospirone treatment, she exhibited 
finger tremors, sweating, coarse shivering, hyperactive knee 
jerks, vomiting, diarrhea, tachycardia, and psychomotor 
agitation. After administrating paroxetine with perospirone 
twice, both paroxetine and perospirone were discontinued. 
Her symptoms gradually disappeared over a period of 
approximately 1 week. 

Case 2 

An 81 -year-old woman who experienced persecutory delu- 
sions with mild dementia, was treated with neuroleptics 
(Figure IB). She was admitted to a psychiatric unit, owing 
to increased hostility and aggression related to her delu- 
sions. The results of brain imaging tests revealed mild brain 
atrophy in the frontotemporal and hippocampal regions with 
no cerebrovascular lesions. After successful treatment of her 
paranoid state, the patient developed depressive symptoms, 
which were treated with 10 mg/day of paroxetine. The final 



neuroleptic dose was 8 mg/day of perospirone that had been 
administered for 3 weeks. Fourteen hours after the addition 
of paroxetine to the patient's ongoing perospirone treatment, 
she exhibited tachycardia, finger tremors, prominent anxiety 
and agitation, and hyperactive knee jerks. The symptoms con- 
tinued for days (ie, for as long as perospirone and paroxetine 
were coadministered), and they disappeared 3 days after the 
discontinuation of both drugs. 

Discussion 

In the present report, both patients were diagnosed as having 
serotonin toxicity because of the existence of tremor and 
hyperreflexia, 2 and they presented without symptoms of 
muscle rigidity or hyperthermia. 1 The possibility of neuro- 
leptic malignant syndrome was not taken into consideration 
as a differential diagnosis, because the symptoms appeared 
just after adding paroxetine; moreover, the present cases 
did not exhibit severe muscle rigidity and hyperthermia. 3 In 
addition, there was no elevation of serum creatine phospho- 
kinase in case 1 . The autonomic symptoms, neuromuscular 
hyperactivity, and altered mental status occurred upon ini- 
tiation of the serotonergic drugs, and they ceased promptly 
after the treatment's discontinuation; this is characteristic of 
serotonin toxicity. 4 

Paroxetine is metabolized by cytochrome P450 oxidase 
(CYP)2D6 in the liver and excreted in the urine. Patients 
with renal failure are considered to be at an increased risk 
of developing side effects associated with a high serum 
concentration of paroxetine. 5 The psychiatric diagnosis of 
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Figure I Measured concentrations of serum CRTN, CK, side effect symptoms, and administered drugs for cases I and 2. 

Notes: (A) Case I: Measured concentrations of serum CRTN, CK (normal range of 0-I60 IU/L), side effect symptoms, and administered drugs are shown. (B) Case 2: 
Concentrations of serum CRTN and accelerated heart rate, in addition to side effect symptoms and administered drugs, are shown. Bisoprolol fumarate, a p-adrenergic 
receptor antagonist metabolized by CYP2D6, was used to treat tachycardia, and neither a deterioration of depressive symptoms nor a worsening of serotonin toxicity was 
observed upon its administration. 

Abbreviations: CRTN, creatinine; CK, creatine phosphokinase; w, week; CYP, cytochrome P450. 
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Case 1 was psychotic disorder not otherwise specified, and 
there was no evidence of a relationship between her renal 
insufficiency and her psychiatric symptoms or her serotonin 
toxicity symptoms. 

Case 2 was diagnosed as having dementia with psychotic 
symptoms, including persecutory delusions, anxiety, and 
depressive symptoms. In this case, the serotonin toxicity 
persisted for days because of the unfortunate oversight of 
a possible serotonin toxicity induced by the administered 
psychotropics. The increased anxiety and agitation were 
believed to be derived from the behavioral and psychological 
symptoms of dementia. Tachycardia was misdiagnosed as 
a result of the increased motor activity associated with her 
anxiety and agitation. Serum paroxetine concentrations were 
not evaluated in either case presented here, and the possibil- 
ity remains that the paroxetine concentration was sufficiently 
elevated in both cases. We considered that vulnerability 
induced by perospirone pretreatment is most likely to have 
exaggerated the mild serotonin toxicity in both cases. 

Perospirone is a serotonin-dopamine antagonist with 
unique agonistic effects on the 5-HT1A receptors, 6 and is 
metabolized by CYP3A4. 7 It was the second serotonin- 
dopamine antagonist after risperidone to be introduced to the 
Japanese neuroleptics market in 2001. The receptor binding 
profiles of perospirone (excluding 5-HT1A receptor bind- 
ing) and its pharmacological properties targeting the positive 
and negative symptoms of schizophrenia resemble those of 
risperidone. 7 The K, values of perospirone for the dopamine 
receptor D2, as well as for the 5-HT2A and 5-HT1A recep- 
tors are 1.4 nM, 0.6 nM, and 2.9 nM, respectively, 7 whereas 
those of risperidone are 3.3 nM, 0.16 nM, and 250 nM, 
respectively. 8 Data on the K. values measured from various 
tissue sources can be viewed in the National Institute of 
Mental Health Psychoactive Drug Screening Program IC 
database f http://pdsp. med.unc.edu/pdsp.php ) by choosing a 
psychotropic drug for the test ligand. The 5-HT1A agonist 
activity of neuroleptics is expected to improve mood 9 and cog- 
nition 10 in schizophrenia. Perospirone has also shown efficacy 
in reducing aggressive behavior in dementia patients. 11 To 
treat the symptoms of aggression and anxiety exhibited by 
Case 2, previously administered olanzapine was switched to 
perospirone 10 days before the addition of paroxetine. 

Two serotonergic receptor subtypes have been implicated 
in the etiology of serotonin toxicity. When experimental ani- 
mals were administered a 5-HT1A agonist, they developed 
tremors, forepaw treading, head-weaving and twitches, flat- 
tened body posture, hind limb abduction, the Straub tail reac- 
tion, hyperhidrosis, and defecation. 12 The similarities noted 



between the alterations in animal behavior and the symptoms 
of human serotonin toxicity suggest that the 5-HT1A 
receptor may be involved in the pathogenesis of serotonin 
toxicity. In another experimental animal model of serotonin 
toxicity, the activation of neuronal 5-HT2A receptors was 
identified as the cause of life-threatening hyperthermia. 13 
Furthermore, the serotonin system has been implicated in a 
biphasic mechanism that controls thermoregulation. Studies 
in experimental animals have indicated that a slight eleva- 
tion of serotonin levels decreases body temperature through 
neural transmission involving the 5-HT 1 A receptors, whereas 
the considerable elevation of serotonin levels induces high 
body temperature through 5-HT2A neural transmission. 14,15 
Therefore, it could be hypothesized that while a slight excess 
of serotonin causes side effects by activating the 5-HT1A 
receptor, a significant increase in serotonin levels can induce 
lethal side effects with hyperthermia, which can cause severe 
brain damage 16 through the activation of the 5-HT2A receptor. 
The early observation 17 that the affinity of endogenous sero- 
tonin for the 5 -HT 1 A receptors (K. =5 . 1 nM) is much higher 
than its affinity for 5-HT2A receptors (K. =420 nM) supports 
this hypothesis. 

Vulnerabilities to serotonin toxicity are increased by a 
polymorphism in the serotonin transporter or C YP, a competi- 
tive substrate of the CYP enzyme, 18 and by coadministered 
monoamine oxidase inhibitors or lithium. 19 The present cases 
underscore the importance of preventing the development 
of serotonin toxicity after the combined use of SSRIs and 
5-HT 1 A agonistic drugs, even when a small amount of SSRI 
is administered. 

Several case studies have reported the development of 
serotonin toxicity by the combined use of SSRIs and 5-HT 1 A 
agonist anxiolytics; 20,21 however, high body temperatures 
were not observed in these studies. The exacerbation of 
serotonin toxicity in the present cases by adding small doses 
of paroxetine while administering perospirone - acting 
both as a 5-HT1A receptor agonist and a 5-HT2A receptor 
antagonist - clearly indicates the involvement of the 5-HT1 A 
receptor in mild forms of serotonin toxicity. Although the 
involvement of both 5-HT1A and 5-HT2A receptors in the 
pathogenesis of serotonin toxicity has often been indicated, 22 
we considered it worthwhile to pay attention to serotonin tox- 
icity profiles under the situation of an antagonistic blockade 
of 5-HT2A receptors in human subjects. 

Taken together, the coadministration of SSRIs and 
neuroleptics, like risperidone, with a potent 5-HT2A 
antagonistic function and a scarce 5-HT1A agonistic func- 
tion would produce a lower incidence of serotonin toxicity. 
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The coadministration of SSRIs with psychotropics possessing 
5-HT1 A agonist properties has received increasing attention. 
A recent clinical trial 23 indicated the effectiveness of adding 
a 5-HT1A partial agonist for the treatment of patients with 
depression who are resistant to citalopram. Mirtazapine, which 
acts as a 5-HT1A agonist in addition to its norepinephrine- 
releasing function, has been proposed to enhance the clinical 
effectiveness of SSRIs. 24 Furthermore, aripiprazole, which 
acts as a 5-HT1A agonist, is used to augment the clinical 
effectiveness of SSRI treatment. 25 Considering that recently 
available SSRIs, including vilazodone 26 and vortioxetine, 27 
have considerable 5-HT1A agonistic function, more cau- 
tion is needed to detect serotonin toxicity in depression 
treatments. 

In conclusion, the possible development of serotonin 
toxicity should be considered when neuromuscular toxici- 
ties including tremor, myoclonus, and hyperreflexia in the 
extremities are observed during the combined use of SSRIs 
and psychotropics with 5-HT1A agonistic properties, or 
during the use of SSRIs with 5-HT1 A agonistic properties. 
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